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MODEL BASED REAL-TIME OPTIMIZATION 
OF FUEL CELL CLUSTERS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

The present application claims bene?t of US. provisional 
application 60/875,825, ?led Dec. 20, 2006, Which is incor 
porated herein by reference in its entirety. 

BACKGROUND 

The present invention relates generally to the ?eld of poWer 
generation optimization and management. Speci?cally, the 
present invention is directed to a control system for operating 
a cluster of fuel cell systems. 

The folloWing description of the background of the inven 
tion is provided simply as an aid in understanding the inven 
tion and is not admitted to describe or constitute prior art to 
the invention. 

Industrial poWer generation systems may be provided to a 
customer in a modular cluster of fuel cell systems. At any 
given time, the operating characteristics of a single fuel cell 
module can be different from the operating characteristics of 
other fuel cell modules in the fuel cell cluster. Given the large 
amount of data generated by an operating cluster of fuel cell 
systems, and the complex interactions betWeen independent 
variables, human operators cannot be expected to adjust con 
trol system set points to maintain a technical or economic 
optimum set of set points for the entire cluster. 

Accordingly, there is a need to obtain real-time operational 
data from fuel cell clusters and use that data to optimiZe the 
economic and operational characteristics of a fuel cell cluster 
and poWer generation system. 

SUMMARY 

According to one embodiment of the invention, a poWer 
generation system includes a fuel cell controller, at least one 
fuel cell cluster operably connected to the fuel cell controller, 
a data server operably connected to the fuel cell cluster, 
Wherein the data server is con?gured to obtain operational 
data from the fuel cell cluster, and a model server operably 
connected to the data server, con?gured to model the opera 
tional characteristics of the fuel cell cluster during the actual 
operation of the fuel cell cluster and modify the operation of 
the fuel cell cluster in real-time, based on the operational data 
obtained by the data server. 

According to another embodiment of the invention, a 
method for optimiZing the operation of a poWer generation 
system having at least one fuel cell cluster, includes the steps 
of obtaining operational data concerning the fuel cell cluster 
during operation of the fuel cell cluster, modeling the opera 
tion of the fuel cell cluster in real-time using the operational 
data, determining Whether the operation of the fuel cell clus 
ter can be improved by calculating the optimum operational 
set points for the fuel cell cluster based on the obtained 
operational data and modifying the operation of the fuel cell 
cluster by setting the fuel cell cluster to operate at the opti 
mum operational set points. 

According to another embodiment of the invention, a 
poWer generation system comprises a plurality of fuel cell 
clusters. Each cluster comprises at least one fuel cell module, 
each fuel cell module comprising a plurality of fuel cell 
stacks, a fuel processing module adapted in operation to 
deliver fuel to the fuel cell module, an electronics module 
adapted in operation to receive poWer from the fuel cell mod 
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2 
ules and modify the received poWer into a usable form, a fuel 
cell economic controller, and a fuel cell supervisory control 
ler. The system also comprises at least one server operably 
connected to the fuel cell economic controller of each cluster. 
The at least one server is adapted to determine an optimum 
economic and operational ef?ciency of the poWer generation 
system and to modify operation of the plurality of fuel cell 
clusters to achieve the optimum economic and operational 
ef?ciency of the poWer generation system. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only, and are not restrictive of the 
invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects and advantages of the 
present invention Will become apparent from the folloWing 
description, appended claims, and the accompanying exem 
plary embodiments shoWn in the draWings, Which are brie?y 
described beloW. 

FIG. 1 is a block diagram of a modular poWer generation 
system. 

FIG. 2 is a block diagram of a poWer generation system 
according to one embodiment of the invention. 

FIG. 3 is a block diagram of a poWer generation system 
according to one embodiment of the invention. 

FIG. 4 is a How chart describing the operation of a poWer 
generation system according to one embodiment of the inven 
tion. 

DETAILED DESCRIPTION 

Embodiments of the present invention Will be described 
beloW With reference to the accompanying draWings. It 
should be understood that the folloWing description is 
intended to describe exemplary embodiments of the inven 
tion, and not to limit the invention. 

FIG. 1 is a block diagram of a modular poWer generation 
system 1. The poWer generation system 1 is comprised of at 
least one fuel cell cluster 10, Which is made up of at least one 
fuel cell module 20. For example, three clusters 10 are shoWn. 
Each cluster 10 may contain any suitable number of modules, 
such as one or more modules 20, for example one to tWenty 
modules, preferably four to eight fuel cell modules. Each 
cluster 10 may also contain optional poWer conditioning/ 
electronics (i.e., inverters and other electronics) and fuel pro 
cessing (i.e., fuel treatment, fuel compressors, desulferiZers, 
etc.) modules. Each module 20 contains a plurality of fuel 
cells, such as tWo to tWenty fuel cell stacks, for example 4-8 
stacks and associated balance of plant components. A non 
limiting example of a module 20 is described in US. patent 
application Ser. No. 11/002,681, ?led Dec. 3, 2004, and US. 
Provisional Patent Application No. 60/760,933, ?led J an. 23, 
2006, both herein incorporated by reference. 
A fuel cell supervisory controller 25 is also provided for 

each cluster 10. The supervisory controller 25 keeps the fuel 
cell cluster running safely by adjusting various operating 
parameters, such as the voltage to a bloWer VFD to maintain 
a constant air ?oW rate. The primary objective of the fuel cell 
supervisory controller 25 is to keep each individual fuel cell 
module 20 stable during the module’s operation. In order to 
maintain stable operation of each individual fuel cell module 
20, the fuel cell supervisory controller 25 controls the opera 
tion of each fuel cell module 20 in reference to a number of 
operational set points. The fuel cell supervisory controller 25 
ensures that each fuel cell module 20 operates Within an 
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acceptable range of these operational set points, thus main 
taining stable operation of each fuel cell module 20. For 
example, an operator sets some of the set points for the 
supervisory controlie. g. the reformer steam to carbon ratio, 
or the desired amount of poWer to be produced. Supervisory 
control happens on a very fast time scaleiadjustments may 
occur every 100 milliseconds to every couple of seconds. 

The fuel cell supervisory controller 25 is capable of con 
trolling each individual fuel cell module 20. At any given 
point in time, the operating characteristics of a single fuel cell 
module 20 is different from that of the other fuel cell modules 
20 in a cluster. The stack operating characteristics may 
include temperatures, pressures, pressure drops, differential 
pressures, fuel ?oW rate, poWer generation (i.e., current or 
voltage generation by module), fuel utiliZation, air utiliZation, 
etc. The balance of plant (BOP) operating characteristics may 
include pressures, pressure drops, differential pressures, 
poWer consumption (by component or cumulative), heat 
exchanger temperatures, heat exchanger temperature 
changes, heat exchanger effectiveness, reformer tempera 
tures, Water ?oW rate, Water inventory, steamzcarbon ratio, 
anode recycle ?oW rate, air ?oW rates (main ?oW rate to the 
fuel cells or How rate to a fuel exhaust burner or oxidiZer), etc. 

HoWever, stable operation of each fuel cell module 20 does 
not necessarily ensure that the poWer generation system 1 as 
Whole is operating in the mo st economically e?icient manner. 

FIGS. 2 and 3 shoW a poWer generation system 2 according 
to one embodiment of the invention. The poWer generation 
system 2 includes at least one fuel cell cluster 10, such as tWo 
to ten clusters, for example, three clusters are shoWn in FIG. 
2. Each fuel cell cluster 10 is made of one or more fuel cell 
modules/ systems (PCS) 20. In particular, a fuel cell cluster 10 
is a cluster of fuel cell modules 20 that share a common fuel 
processing module (FPM) and electronics module (ELEC). 
The electronics module includes the supervisory controller 
25 shoWn in FIG. 1. Thus, a single fuel cell cluster 10 can be 
operated independently of other fuel cell clusters 10. The 
FPM distributes (and if required, treats) fuel from the central 
feed to a fuel cell cluster 10 to the individual fuel cell modules 
20. The ELEC receives the poWer from one or more fuel cell 
modules 20, and modi?es/conditions the poWer into a usable 
form (eg modi?es the output voltage, transforms DC to AC, 
etc.). 
One or more fuel cell economic controllers 30 may be 

provided. For example, the system 2 may have a single con 
troller 30. Alternatively, each cluster 10 or each fuel cell 
module 20 may have a separate economic controller 30, such 
as a control circuit chip or microcomputer. While the eco 
nomic controller 30 may comprise the same device as the 
supervisory controller 25, preferably the controllers 25 and 
30 comprise separate devices. The fuel cell economic con 
troller 30 is capable of controlling each individual fuel cell 
module 20. Each fuel cell cluster 10 is operably connected via 
a bidirectional link to a data server 50. It should be understood 
that the bidirectional link and any operable connection men 
tion herein may be implemented by any physical Wire, cable 
or ?ber optic method as Well as Wirelessly. As shoWn in more 
detail in FIG. 3, the connectionbetWeen each fuel cell module 
20 and the data server 50 is provided via a gateWay 40. 
Preferably, the gateWay 40 is a computer that receives and 
sends information related to a fuel cell cluster 10 to the data 
server 50. The gateWay may also perform supervisory con 
trol. Typically the gateWay 40 is located in close physically 
proximity to the fuel cell cluster (or clusters) 10 that it serves. 
The data server 50 is operably connected via a bidirectional 
link to a model server 60. In addition, as shoWn in FIG. 2, the 
model server 60 may be operably connected to an operator 
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4 
advisory station 70, such as a display or control panel, Which 
is operably connected to the fuel cell economic controllers 30. 
The economic control of the embodiments of FIGS. 2 and 3 
does not mimic or replace the supervisory control because 
some of the set points are arbitrary and they are determined to 
meet an economic optimum. The economic control can occur 
on a much sloWer time scale than supervisory control, for 
example With economic adjustments occurring less fre 
quently than once every ten minutes, for example once or 
tWice an hour. 

FIG. 3 depicts the poWer generation system 2 being imple 
mented for tWo customers. It should be understood that FIG. 
3 is provided for exemplary purposes only. The poWer gen 
eration system 2 can consist of multiple customers that may 
have one or more sites. These customer sites may also have 
multiple fuel cell clusters 10. As shoWn, customer 1 has four 
fuel cell clusters 10. Customer 2 has ?ve fuel cell clusters 10. 
Each fuel cell cluster 10 may have any number of fuel cell 
modules 20, such as four, fuel processors and electronics 
modules. A gateWay 40 is con?gured to interface With one or 
more fuel cell clusters 10. As shoWn, a data server 50 is 
operably connected via a bidirectional link to each gateWay 
40. Data regarding the operation of each fuel cell cluster 10 is 
passed to the gateWay 40. The gateWay 40 then passes the data 
to the data server 50. 
The data server 50 collects data from each fuel cell cluster 

10 during operation. Typically, the data is operational infor 
mation about the fuel cell cluster 10 and each fuel cell module 
20. The data server 50 receives and stores stack and/or BOP 
operating data, such as operating temperature, fuel ?oW rate 
and utiliZation, output poWer, setting, as Well as the other 
operating data listed above from multiple fuel cell clusters 10 
(possibly from multiple sites and/ or multiple customers). The 
data server 50 can also send data back to the gateWay 40, 
typically the data is in the form of desired operational set 
points for the fuel cell clusters 10. Either the individual gate 
Way or the data server can also calculate derived properties, 
eg fuel cell e?iciency from fuel consumption and poWer 
generation. Among other information, the data describes hoW 
e?iciently the fuel cell cluster 10 is operating. The data server 
50 may also perform a data reconciliation function based on 
the data received. Operating data from process equipment can 
be imprecise, inconsistent and/or inaccurate due to instru 
mentation limitations. Data reconciliation uses relative 
instrument reliabilities and models that incorporate physical 
characteristics of the process to adjust the measured values 
from the instruments to a consistent set of likely, “true” val 
ues. 

The data server 50 can also send data to and receive data or 
“tags” from the model server 60. According to one embodi 
ment of the invention, the data server 50 is con?gured to store 
the operational data of numerous fuel cell clusters 10. HoW 
ever, to expedite the modeling and optimiZation advantages of 
the model server 60, the data server 50 is con?gured to selec 
tively provide the model server 60 data pertaining to the 
speci?c customer, and or fuel cell cluster 10 of interest. 
According to another embodiment of the invention, due to 
bandWidth and/or computer limitations, multiple data servers 
50 may be used in conjunction With multiple model servers 
60. 
The model server 60 is con?gured to model the operation 

of the poWer generation system 2. In addition, based on the 
data acquired by the data server 50, the model server 60 is 
con?gured to perform online optimiZation of the poWer gen 
eration system 2, i.e., optimiZe the operation of the poWer 
generation system 2 being modeled. The model server 60 is 
con?gured to run in real-time concurrent to the operation of 
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the power generation system 2. It should be noted that the 
terms “real-time” and “real-time optimization” means that 
the model uses very recent data but does not mean that the 
model has to use data from the exact same moment. Thus, the 
term “real-time” includes Within its scope and can be referred 
to as “near real-time”. As shoWn in FIG. 3, the model server 
60 can be con?gured to optimize the operation of each cus 
tomer site independently or simultaneously. According to 
another embodiment of the invention, each customer site 
could have its oWn model server 60. 

FIG. 4 is a How chart that outlines the optimization process. 
First, operational data of the fuel cell clusters 10 is obtained 
(Step 100) by the data server 50. This information is trans 
mitted to the model server 60. Operation of the fuel cell 
clusters 10 is then modeled (Step 110). The model server 60 
then determines set points for each fuel cell module 20 that 
Will alloW the poWer generation system 2 to obtain optimal 
economic and operational ef?ciency such as an optimal fuel 
utilization rate, and/or the loWest operating cost (Step 120). 
The suggested set points are transmitted back to the data 
server 50. Accordingly, the data server 50 modi?es the opera 
tion of the fuel cell clusters 10 to approach the suggested 
operational set points (Step 130). 

According to one embodiment of the invention, the model 
server 60 is con?gured to execute at a regular interval (e.g., 
once every hour). The model server 60 is a high ?delity model 
of the entire poWer generation system 2. The model server 60 
is automated such that portions of the model that are not 
applicable to a speci?c customer may be deactivated. For 
example, as shoWn in FIG. 3, portions of the model associated 
With fuel cell cluster 10 (tWo, four and ?ve for customer tWo) 
Would be deactivated for customer one. The model server 60 
acquires the operational data of the fuel cell clusters 10 via the 
data server 50 and is con?gured to simulate conditions indi 
cated by the operational data. The model server 60 is further 
con?gured to re-calibrate itself to simulate optimum opera 
tional ef?ciency of the poWer generation system 2 by deter 
mining the economic and operational optimum set points of 
the poWer generation system 2. An operational optimum can 
be related to maximizing ef?ciency While economic opti 
mums may include con?guring the poWer generation system 
2 to loWer operating cost or maximize pro?t. Operational 
optimums are also directed toWard desired future operational 
performance. For example, it may be desired to maximize the 
pro?t of the system 2 While taking into account expected stack 
degradation and replacement and maintenance costs. 

The optimization operation can be continuous, such as 
regulating the fuel ?oW rate and/ or temperature of a fuel cell 
module 20, or discrete, such as specifying Which type of fuel 
should be used (i.e., natural gas or propane, etc.) or Whether a 
speci?c fuel cell stack or module should be operational at all. 
The model server 60 passes the re-calibration data back to the 
data server 50. According to one embodiment of the inven 
tion, the model server 60 transmits data to the data server 50 
via an OPC server, a CIM-IO for OPC server and Aspen 
OnLine to Aspen Plus With EO Optimizer to reconcile, esti 
mate and optimize the poWer generation system 2. In turn, the 
data server 50 sends commands to individual fuel cell mod 
ules 20 in order to re-calibrate the poWer generation system 2 
so that it operates at optimum levels based on the set points 
calculated by the model server 60. According to another 
embodiment of the invention, the model server 60 is con?g 
ured to send re-calibration data as recommendations to an 
operator advisory station 70 instead of the data server 50. The 
operator advisor station 70 alloWs a human operator to revieW 
the model server’ s 60 set point recommendations before they 
are carried out. In turn, the operator can accept or reject or 
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6 
modify the model server’s recommendations. In addition, the 
operator advisory station is con?gured to alloW the operator 
to automatically or manually send set point data to the fuel 
cell controller 30. 
The operational capabilities of the model server 60 Will 

noW be described in further detail. The model server 60 is 
con?gured to carryout several functions during a single run 
cycle to obtain economically and operationally desirable set 
points. For example, the model server 60 is capable of time 
averaging received data values to damp instantaneous spikes. 
According to another embodiment of the invention, the model 
server 60 is capable of performing data conditioning Which is 
the rejection and replacement of bad and/or nonsensical data 
With nominal values for that operational data. The model 
server 60 is also capable of performing data reconciliation 
Where the model server 60 is executed to reconcile contradic 
tory measurement data based on the expected reliability of 
individual measurement data. 

According to another embodiment of the invention, the 
model server 60 is con?gured to perform parameter estima 
tion. Parameter estimation uses operating data from process 
equipment to determine one or more characteristic param 
eters to characterize operation in a model. Typically, the esti 
mated parameter is not a fundamental measurement. For 
example, the fouling factor for a heat exchanger could be 
estimated from inlet and outlet ?oWs and temperatures from a 
heat exchanger and the design value of the heat transfer coef 
?cient. Parameter estimation may be included in a data rec 
onciliation step, or in a separate step. That is, the model server 
60 can determine key operational parameters for the poWer 
generation system 2 that describe the system’s current opera 
tion. For example, the model server 60 can determine hoW 
much each fuel cell cluster 10 has degraded from balance of 
plant (BOP) performance data. 

With regard to economic considerations, the model server 
60 can obtain the price, in real-time, of all utilities (i.e., poWer, 
natural gas) being used by the poWer generation system 2. 
According to another embodiment of the invention, the model 
server can use the data obtained from the data server 50 in 
conjunction With other environmental data to perform 
demand forecasting. Demand forecasting estimates the 
poWer demand for an upcoming operating period. For 
example, an estimate of the poWer required for air condition 
ing could be estimated from a forecast for the temperature and 
relative humidity. Moreover, the model server 60 is con?g 
ured to use reconciled measurements, estimated parameters 
and real-time prices to determine optimum set points for each 
fuel cell module 20 Within the poWer generation system 2. For 
example, each fuel cell module 20 in a fuel cell cluster 10 can 
be set to produce a different amount of poWer and/or to utilize 
a different amount of fuel and/ or operate at a different tem 
perature from one or more other modules. In the alternative, 
the model server 60 can instruct the data server 40 to not vary 
the poWer output of a particular fuel cell module 20 by more 
than 5% or that the stack temperature must be kept beloW a 
certain temperature. The model server 60 can also specify that 
the stack degradation rate must be kept beloW a speci?ed ratio 
(e.g., 3%/ 10000 hours) or that a speci?c fuel cell module 20 
not be operated at all for various reasons including repairs. 

Alternatively, the model server 60 can be con?gured to take 
into account customer speci?c features. For example, if the 
customer is a data center, poWer use is expected to be divided 
betWeen clean poWer for running the servers, and normal 
poWer for running the air conditioning. Model server 60 cal 
culations to determine the optimum poWer generation level, 
as Well as the control system set points to generate that poWer 
could take into account one or more of the (l) real-time utility 
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pricing information (natural gas or electricity) (2) the cus 
tomer speci?c utility contract information (eg What is the 
likelihood of setting a neW peak for poWer consumption from 
the grid) and (3) the customer speci?c demand information 
(eg estimating the air conditioning load from the outside 
temperature, relative humidity and server load, or estimating 
the server load based on the time of day). 

According to the numerous disclosed embodiments of the 
invention above, the invention has several advantages. For 
example, currently there is no solution for conducting real 
time, on-line data conditioning, data reconciliation, param 
eter estimation, model execution and model optimization for 
fuel cell systems, clusters of fuel cell systems for one site, or 
clusters of fuel cell systems across multiple sites. The site 
based optimization achieved by the poWer generation system 
leads to more e?icient operation for energy customers and 
higher pro?t for energy suppliers. 

The foregoing description of a preferred embodiment of 
the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and modi?cations 
and variations are possible in light of the above teaching or 
may be acquired from practice of the invention. The embodi 
ment Was chosen and described in order to explain the prin 
ciples of the invention and as a practical application to enable 
one skilled in the art to utilize the invention in various 
embodiments and With various modi?cation are suited to the 
particular use contemplated. It is intended that the scope of 
the invention be de?ned by the claims appended hereto and 
their equivalents. 

What is claimed is: 
1. A poWer generation system, comprising: 
a fuel cell controller; 
at least one fuel cell cluster operably connected to the fuel 

cell controller; 
a data server operably connected to the fuel cell cluster, 

Wherein the data server is con?gured to obtain opera 
tional data from the fuel cell cluster; and 

a model server operably connected to the data server, con 
?gured to model operational characteristics of the fuel 
cell cluster during the actual operation of the fuel cell 
cluster and modify the operation of the fuel cell cluster in 
real-time, based on the operational data obtained by the 
data server. 

2. The poWer generation system as claimed in claim 1, 
further comprising an operator advisory station operably con 
nected to the model server and the fuel cell controller and 
con?gured to alloW a human operator to modify the operation 
of the fuel cell cluster based on recommendations received 
from the model server. 

3. The poWer generation system as claimed in claim 1, 
Wherein the fuel cell cluster comprises: 

a plurality of fuel cell modules, each containing a plurality 
of fuel cell stacks; 

a fuel processing module adapted in operation to deliver 
fuel to the plurality of fuel cell modules; and 

an electronics module adapted in operation to receive 
poWer from the fuel cell modules and modify the 
received poWer into a usable form. 

4. The poWer generation system as claimed in claim 3, 
Wherein the fuel cell controller is con?gured to control the 
operation of each individual fuel cell module in the fuel cell 
cluster. 

5. The poWer generation system as claimed in claim 1, 
Wherein the fuel cell cluster is operably connected to the data 
server via a gateWay. 
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6. The poWer generation system as claimed in claim 5, 

Wherein the gateWay is co-located With the fuel cell cluster. 
7. The poWer generation system as claimed in claim 1, 

Wherein the data server is con?gured to send operational 
instructions to the fuel cell cluster based on the model server’ s 
analysis of the received operational data. 

8. The poWer generation system as claimed in claim 7, 
Wherein the operational instructions are set points con?gured 
to govern the operation of the fuel cell cluster. 

9. The poWer generation system as claimed in claim 1, 
Wherein the data server is con?gured to reconcile the received 
operational data With knoWn instrument models and reliabil 
ity data to obtain a consistent set of operational data values for 
the fuel cell cluster. 

10. The poWer generation system as claimed in claim 1, 
Wherein the model server is con?gured to receive the opera 
tional data from the data server and determine the optimum 
economic and operational ef?ciency of the poWer generation 
system based on the operational data. 

11. A method for optimizing the operation of a poWer 
generation system having at least one fuel cell cluster con 
taining a plurality of fuel cell modules, comprising: 

obtaining operational data from the fuel cell cluster during 
operation of the fuel cell cluster; 

modeling the operation of the fuel cell cluster in real-time 
using the operational data obtained from the fuel cell 
cluster; 

determining Whether the operation of the fuel cell cluster 
can be improved by calculating the optimum operational 
set points for the fuel cell cluster based on the obtained 
operational data; and 

modifying the operation of the fuel cell cluster by setting 
the fuel cell cluster to operate at the optimum opera 
tional set points. 

12. The method for optimizing the operation of a poWer 
generation system as claimed in claim 11, further comprising 
reporting the optimum operational set points for the fuel cell 
cluster to a user. 

13. The method for optimizing the operation of a poWer 
generation system as claimed in claim 11, Wherein the opti 
mum operational set points are directed to operate the poWer 
generation system at optimum e?iciency. 

14. The method for optimizing the operation of a poWer 
generation system as claimed in claim 11, Wherein the opti 
mum operational set points are directed to operate the poWer 
generation system With optimum operating costs. 

15. The method for optimizing the operation of a poWer 
generation system as claimed in claim 11, Wherein the fuel 
cell cluster comprises: 

the plurality of fuel cell modules, each containing a plural 
ity of fuel cell stacks; 

a fuel processing module adapted in operation to deliver 
fuel to the plurality of fuel cell modules; and 

an electronics module adapted in operation to receive 
poWer from the fuel cell modules and modify the 
received poWer into a usable form. 

16. The method for optimizing the operation of a poWer 
generation system as claimed in claim 15, further comprising 
controlling the operation of each individual fuel cell module 
in the fuel cell cluster. 

17. The method for optimizing the operation of a poWer 
generation system as claimed in claim 15, Wherein the step of 
modifying further comprises changing at least one of fuel 
?oW rate, a parameter Which in?uences temperature, or poWer 
output of the fuel cell module. 

18. The method for optimizing the operation of a poWer 
generation system as claimed in claim 17, Wherein the step of 
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modifying comprises operating a plurality of fuel cell mod 
ules at a different fuel ?oW rates, temperature, and/or power 
output. 

19. The method for optimizing the operation of a poWer 
generation system as claimed in claim 11, Wherein the fuel 
cell cluster is operably connected to a data server via a gate 
Way. 

20. The method for optimiZing the operation of a poWer 
generation system as claimed in claim 19, Wherein the gate 
Way is co-located With the fuel cell cluster. 

21. The method for optimiZing the operation of a poWer 
generation system as claimed in claim 11, Wherein opera 
tional instructions are sent to the fuel cell cluster based on an 
analysis of the received operational data. 

22. The method for optimiZing the operation of a poWer 
generation system as claimed in claim 21, Wherein the opera 
tional instructions are set points con?gured to govern the 
operation of the fuel cell cluster. 

23. The method for optimiZing the operation of a poWer 
generation system as claimed in claim 11, Wherein the 
received operational data is reconciled With knoWn instru 
ment models and reliability data to obtain a consistent set of 
operational data values for the fuel cell cluster. 

24. The method for optimiZing the operation of a poWer 
generation system as claimed in claim 11, Wherein optimum 
economic and operational e?iciency of the poWer generation 
system is determined based on the operational data. 
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25. The method for optimiZing the operation of a poWer 

generation system as claimed in claim 11, Wherein the step of 
modifying the operation of the fuel cell cluster comprises 
modifying at least one continuous or discrete variable. 

26. A poWer generation system, comprising: 
a plurality of fuel cell clusters, each cluster comprising: 

at least one fuel cell module, each fuel cell module 
comprising a plurality of fuel cell stacks; 

a fuel processing module adapted in operation to deliver 
fuel to the fuel cell module; and 

an electronics module adapted in operation to receive 
poWer from the fuel cell modules and modify the 
received poWer into a usable form; 

a fuel cell economic controller; and 
a fuel cell supervisory controller; and 

at least one server operably connected to the fuel cell 
economic controller of each cluster and con?gured to 
receive operational data from each fuel cell cluster, 
Wherein the at least one server is adapted to determine an 
optimum economic and operational ef?ciency of the 
poWer generation system and to modify operation of the 
plurality of fuel cell clusters to achieve the optimum 
economic and operational ef?ciency of the poWer gen 
eration system based on the received operational data. 


